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WEAKENING OF EAST ASIAN MONSOON 
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2001-2007 Mean Surface Temperature Anomaly ( C) 

Base Period = 1951-80, Global Mean = 0.54 











Projected warming 

in 21st century  

expected to be 

greatest over land  

and at most high  

northern latitudes 

and least over the  

Southern Ocean  

and parts of the  

North Atlantic  

Ocean 

Projections of Future Changes in Climate 







IPCC 2007 
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Nature, April 24, 2008 
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• Up to 30 percent decrease in the 
efficiency of the Southern Ocean 
sink over the last 20 years 

• Strengthening of the winds around 
Antarctica increases exposure of 
carbon-rich deep waters 

• Strengthening of the winds due to 
global warming and the ozone hole 

Declining efficiency of the ocean sink 

Le Quéré et al. 2007, Science 









Discharge from major 

Greenland ice streams  
is accelerating markedly.  

Source: Prof. Konrad Steffen, 
Univ. of Colorado 



Greenland Mass Loss – From Gravity Satellite 















Trajectory of Global Fossil Fuel Emissions 

Raupach et al. 2007, PNAS 

50-year 

constant 
growth rates  

to 2050 

B1       1.1%, 

A1B     1.7%, 

A2       1.8%  

A1FI   2.4% 

Observed 

2000-2006 

3.3% 

2006 

2005 



CO2 concentrations, Jubany Station, Antarctica  

Year  ppm        

1994  356.75 

1995  358.18   1.43 

1996  360.33   2.15  

1997  361.81   1.48  

1998  363.95   2.14 

1999  365.65   1.70 

2000  366.69   1.04 

2001  368.22   1.53 

2002  370.47   2.25  

2003  372.19   1.72 

2004  374.87   2.68 

2005  376.73   1.86 

2006     378.74   2.01 

2007  381.05   2.31 

1.64 

2.14 
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Causes of Accelerating Atmospheric CO2 Growth  



“ [We  show] that to hold climate constant

 at a given global temperature requires

 near zero future carbon emissions. . . . As

 a consequence, any future anthropogenic

 emissions will commit the climate system

 to warming that is essentially irreversible

 on centennial timescales.” 

Matthews, H. D., and K. Caldeira (2008), “Stabilizing climate requires

 near-zero emissions,” Geophys. Res. Lett. 



Hansen, Atmos. Chem. Phys. 7 (2007): 2287-2312. 
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• Efficiency and conservation 

• Renewables (GSHPs) 

• Coal with CCS and nuclear 

• Unconventional technologies (UCG, enhanced geothermal,
 stratospheric windmills) 

• Atmospheric carbon capture 

• Geoengineering 

• Shifting away from conventionally defined “growth” 

Crisis and Creativity 
Mitigation strategies, from conventional to radical 

(predicated on a significant carbon price)  






